Background: Electrocardiographic changes are known to occur in patients with acute neurological events but their significance remains uncertain. QT dispersion (QTD) reflects heterogeneity of myocardial repolarization, which is modulated by the central nervous system. QTD has been shown to predict adverse outcomes in various cardiac states.
Introduction
Increased QT dispersion (QTD) is a marker of inhomogeneous cardiac repolarization. Such disordered repolarization has been proposed as a risk factor for sudden death in the setting of various cardiac diseases [1] . A significant increase in ECG alterations, characterized by ST-segment and QT interval alterations, as well as a higher incidence of ventricular arrhythmias, including ventricular fibrillation in patients with acute stroke [2, 3] . Establishing a cause-effect relationship in this setting has been complex as patients with stroke usually have risk factors for coronary artery disease as well. The incidence of cardiac arrhythmias after acute stroke may reach the level of 28%, with the highest rate noticed in patients with subarachnoid hemorrhage (37.5%) [4] . There is evidence for an interaction between the central nervous system (CNS) and cardiovascular system during acute cerebrovascular accidents/events (CVAs) [5] . Although ST segment and T wave changes in the ECG are well known consequences of stroke, arrhythmia and cardiac autonomic changes have also been reported [6] . The pathology of the above changes is still unclear and may be related to cardiac dysautonomia [7] . This study was conducted to assess the QT-dispersion in patients with acute neurological events (stroke) without known cardiac disease.
Patients and methods

Study population
The current study is a single center prospective study. The protocol was approved by the local review board and all patients gave informed written consent.
The study included 40 patients older than 18 years admitted to the Department of Medicine Cairo University, Egypt, for acute hemorrhagic and non hemorrhagic cerebrovascular accident (CVA) within 24 h of symptom onset.
Exclusion criteria
Excluded from this study were patients who presented later than 24 h of symptom onset, who died before 72 h of symptom onset, who had lacunar stroke or transient ischemic attack (TIA), patients having a history of ischemic, valvular, or hypertensive heart disease, heart failure due to any cause, severe respiratory failure, renal or hepatic dysfunction were excluded. Patients taking any drug known to affect cardiac repolarization like digoxin, antiarrhythmic, phenothiazine, tricyclic antidepressants, lithium carbonate, erythromycin, theophylline, and levodopa, patients with bundle branch block or abnormal calcium or potassium concentrations were excluded.
General evaluation
Data from the patients and family regarding blood pressure, hyperlipidemia, diabetes mellitus, previous stroke, and coronary heart disease (angina, myocardial infarction, coronary artery bypass graft or percutaneous coronary intervention) were recorded.
Neurological evaluation
A complete neurological examination was performed at the time of enrollment in the study by the same physician stressing on Glasgow coma scale (GCS) score. Patients underwent cranial computed tomography on enrollment. Repeat CT or MRI was done whenever necessary. A follow-up for evaluation of neurological status was done after 3 months (short term outcome) using Modified Rankin Scale (MRS) which states the degree of disability from 0 (no symptoms) to 6 (death).
ECG evaluation
12-lead surface electrocardiograms were recorded with the ECG machine keeping a fixed paper speed of 25 mm/ s and standardization of 1 mm as 1 millivolt. ECG was recorded within 24 h of symptom onset. ECGs for all patients were recorded using the same ECG machine. All ECGs were assessed by a single investigator. All the measurements were done using a magnified scale by a single observer. The QT interval was measured from the onset of QRS complex to the point of T wave offset, defined as the return of T wave to baseline. In the presence of U wave, the nadir between T and U wave was taken. Only ECG with 9 or more leads having measurable QT interval were taken. QT-dispersion was calculated as the difference between the maximum (QTc max) and minimum (QTc min) value of QTc interval calculated in selected leads.
Statistical analysis
Results were expressed as means ± standard deviation of the means (SD) or number (%). Comparison between different parameters in the two studied groups was performed using unpaired t test. Comparison between categorical data was performed using Chi square test. Correlation between QTD and both MRS and GCS was performed using Pearson correlation. Multivariate analysis was performed for outcome prediction. The data were considered significant if p value was equal to or less than 0.05. Statistical analysis was performed with the aid of the SPSS computer program (version 16 windows).
Results
Baseline patients' characteristics
A total number of 40 patients were enrolled in this study (17 males and 23 females) with a mean age of 63 ± 8 years. The mean QTD was prolonged 60 ± 23ms (median 60, range from 20 to 120 ms). The demographic characteristics of these patients and QTD are shown in Table 1 . The subjects were divided into 2 groups (Group I and Group II) according to the length of QTD. Group I consisted of normal QTD patients (n = 15), and Group II of prolonged QTD patients (n = 25). Both groups and their data are shown in Table 2 .
Type of stroke, GCS and prolonged QTD
Out of 20 patients with intracerebral hemorrhage 16 (80%) had prolonged QTD compared to 9 (45%) out of 20 among those with ischemic stroke ( Table 2 ). In addition to the wide range of QTD among our patients (20-120 ms), the degree of prolongation in QTD was higher in hemorrhagic stroke (67 ± 16 versus 52 ± 26 ms, p = 0.04). However being right or left side central lesion did not affect the degree of QTD prolongation (59 ± 20 fore left versus 60 ± 24, p = 0.822). The mean QTD was higher in hypertensive patients (65 ± 22 versus 49 ± 19 ms and p = 0.029) and was not affected by dyslipidemia, diabetes mellitus, age or gender. According to GCS, the patients were divided into three groups: mild [13] [14] [15] , moderate [9] [10] [11] [12] and severe [3] [4] [5] [6] [7] [8] . As shown in Table 3 , the prevalence of prolonged QTD is higher as the patients move from mild (44%) to severe group (100%) with an inverse correlation between QTD and admission GCS (r = À0.42 and p = 0.007). The mean GCS was significantly higher (less severe) in patients with normal compared to prolonged QTD (14.5 ± 1 versus 11.4 ± 3) ( Table 3 ).
Functional outcome and QTD
By 3 months follow-up, ten patients died and all of them lie within prolonged QTD patients (group II) and 5 patients recovered totally, one of them lies in the prolonged QTD group. Non-survivors had higher QTD compared to survivors (82 ± 15 versus 52 ± 20, p = 0.000) as shown in Tables 4 and  5 . Fig. 1 shows the direct proportionate correlation between Modified Rankin Scale (MRS) score and prolongation of QTD (r = 0.65 and p = 0.001). It is to be mentioned that GCS among survivors was significantly higher compared to non-survivors (14.1 ± 1 versus 7.9 ± 3, p = 0.001). On multivariate analysis, the only predictors of mortality are admission QTD (odds ratio, 1.13; 95% confidence interval, 1.03-1.25) and GCS (odds ratio, 0.366; 95% confidence interval, 0.177-0.758).
Discussion
In the present study, a wide range of variability in QTD was noticed among our patients with acute neurological events (stroke). Increased QTD was found in our patients more in those with hemorrhagic strokes probably due to a mass effect of the hemorrhagic infarction and was not affected by the site of stroke. This is in agreement with Lazar et al. [8] , who studied QTD in 140 patients with acute stroke, and transient ischemic attacks (TIA). They found that QTD was higher in patients with intracerebral hemorrhage (P = 0.03) as compared to infarction stroke & TIA. QT interval on ECG represents total duration of ventricular depolarization and repolarization. QT-dispersion represents increased variation or heterogeneity of ventricular repolarization and has been used as a prognostic marker for ventricular arrhythmias in patients with cardiac diseases. As the heart has important and pronounced autonomic innervations, it is to be expected that neurovascular disturbances might result in a wide spectrum of cardiac function disorders [9] . Based on the previous theory, several evidences confirmed this relation between centrally mediated sympathetic nervous system affection and cardiovascular ECG abnormalities including QTD. First, patients with acute stroke without known heart disease showed ST-T wave, tachyarrhythmias and QT prolongation [10] , second, decreased heart rate variability despite the lack of evidence linking reduced parasympathetic control and increased QTD [6, 11] , and lastly, blood pressure variability due to caro- Type of stroke, GCS and prolonged QTD. tid baroreceptor dysfunction in acute stroke may play a role [12] . Yoshida et al. studied 29 patients with prior myocardial infarction and found QTD directly related to the degree of cardiac (123) I-metaiodobenzylguanidine (MIBG) uptake, a marker of cardiac sympathetic nervous system activity [13] . Again, Myers et al. found a significantly higher level of catecholamines especially norepinephrine in patients with acute stroke suggesting increased sympathetic activity [14] . A similar study by Lazar et al. found that QTD measurements were directly correlated with plasma concentrations of DHPG, a metabolite of norepinephrine [8] . Acquired prolonged QTD was noticed in traumatic and non traumatic subarachnoid hemorrhage (SAH) [15, 16] . Hirashima et al. presumed that ECG changes including QT prolongation and arrhythmia found in patients with SAH were due to sympathetic stimulation via the right insula [17] . Similarly, Eckardt et al. found that insular involvement in ischemic stroke resulted in more prolongation in QTD [18] , however their study included patients with underlying cardiac disease and with the well known concomitance of cardiac disease and acute neurological events, this increase in QTD could be related to underlying cardiac disease. Another study was done by Afsar et al. on patients without underlying cardiac disease and showed more increase in QTD in patients with large ischemic and hemorrhagic infarctions compared to those with restricted lesions with no effect on the lesion side or type in the first 24 h [19] . In our study we did not evaluate the lesion size effect on QTD however our results agreed with that of Afsar et al. in that the site of lesion was not predictive of the degree of QTD.
Out of our 40 patients, 25% died within the first 3 months of stroke. Increased QTD and lower GCS on admission were the only predictors of high mortality. The hemorrhagic stroke has high mortality of 15-30% in the world. Our study showed 7 patients (35% of hemorrhagic strokes and 17% of all strokes) died of hemorrhagic stroke. The size of infarction or hemorrhage was not evaluated as prognosticator.
The possibility that QTD in our patients with acute stroke is due to humoral change in the level of catecholamines is speculative (depending on previous studies) as we did not measure it in our study population as well as that the number of our patients did not allow for subgroup analysis or studying lesion size effect on QTD. Despite these limitations, we concluded that in patients presenting with acute neurological events and increased QTD on admission ECG was significantly related to functional outcomes after 3 months from the onset. Furthermore, increased QTD was related to the type of neurological event as QTD values were greater in patients with subarachnoid hemorrhage. 
